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Executive Summary

Executive Summary

Marine debris has become an increasingly important topic over recent years asongoing research
reveals rising impacts related to entanglement, ingestion, toxicity and chemical leaching, and
habitat degradation. To address these impacts, government policies are targeting items of
particular concern such as plastic bags, cigarettes, ad straws. Monthly marine debris surveys
conducted between 20122018 at six Greater Farallones National Marine Sanctuary beaches
revealed similar trends with rope, straws, bottle caps, and shotgun wads as four of the most
commonly found plastic items across all surveyed sites. Bottle caps, straws, and rope are
considered non-point source items because they originate from different sources and cannot be
traced back to a specific audience or location(s). Conversely, shotgun wads, a plastic component
within sh otgun shells, are a point-source item because they are tied to a specific demographic
and likely originate from locations such as hunting reserves and shooting ranges along the San
Francisco Bay shoreline or adjacent to river and slough tributaries that fl ow into the bay. This
presents a unique opportunity for targeted initiatives within the hunting community to reduce
their presence in the marine environment.

This pilot project implemented a behavior change campaign for reducing the abundance of
shotgun wad debris on North -Central California outer coast beaches. Research identified two
main behavior change pathways for reducing shotgun wad debris: 1) reduce plastic wad
prevalence through wad retrieval, and 2) transition to biodegradable ammunition. Further
investigation revealed several challenges associated with biodegradable ammunition including
limited availability in stores, manufacturing and distribution scaling, and uncertainties over
degradation rates and toxicity to the marine environment. To create lasting behavior change
initiatives with a high likelihood of success and opportunities for evaluation, we identified the
first pathway, wad retrieval, as our preferred behavior, and waterfowl hunters as our target
audience. The resulting project goal was to reduce plastic shotgun wad debris from entering San
Francisco Bay and depositing onto coastal beaches through behaviorchanging strategies that
encourage wad retrieval at two hunting reserves in San Francisco Bay; Don Edwards San
Francisco National Wild life Refuge (Don Edwards) and Eden Landing Ecological Reserve (Eden
Landing).

Central to the campaign and critical for developing effective behavior-changing strategies, was

understanding the factors that influence hunter beliefs and motivations, which dr ive their action

or non-action toward the desired behavior. Understanding the factors that shape behavior is an

effective, although not widely tested, method for achieving desired behavior change in order to

address environmental issues such as marine debis. Examples of these factors, or determinants,
include soci al norms (the behavior is accepted by
(the behavior will help solve the problem), and perceived severity (the problem is important or

serious). To identify the factors that have the biggest impact on hunter behavior, we developed a
determinants analysis survey and disseminated it both online and in-person at Don Edwards

and Eden Landing.
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Determinants Analysis Results
Survey results identified several determinants in support of the desired behavior including:

1) high willingness and belief in peer approval for picking up wads, and 2) high concern for litter

and pollution. Survey responses placed huadsh er s i n
or ADoer o (they do not pick up wads) category. The

misconceptions amongst hunters. For example, some hunters believed that other hunters did
not pick up wads, while survey results indicated the opposite was true. Survey results also
identified a lack of knowledge surrounding the issue, as many hunters did not know that wads
are one of the most commonly found plastic items on local outer coast beaches. In addition to
misconceptions and lack of awareness, lack of isibility and inaccessibility to discarded wads
were identified as top reasons for not picking them up.

Information gained through the determinants analysis, alongside consultation with reserve

managers, helped us develop strategies that addressed the baiers and emphasized the benefits

of the desired behaviori retrieving plastic shotgun wads. Two strategies were designed to: 1)

address hunterso6é values surrounding |itter and po!
shotgun wad debris, and 3) estalish a social norm of picking up wads. These strategies included

the use of signage and wad receptacles, such as single and votingtyle options, which were

installed at Don Edwards and Eden Landing for three weeks in January, 2020.

Strategy Results and Evaluation

To monitor and evaluate each strategy, we counted all wads and shells collected in the
receptacles and provided them to TerraCycle to be upcycled into future products. The number of
wads collected in each receptacle represented the only quantitaive marker demonstrating a
reduction of shotgun wads entering the marine environment. After installation, we also
conducted in-person interviews and follow-up surveys. Survey comparison before and after
strategy implementation appeared to indicate a net positive behavior change. This included:

1 Increase in the percentage of Doers (from 60% to 85%)
T I'ncrease in hunters who are fAextremely willing
1 Enhanced awareness of the problem of plastic wads (from 29% to 47%)

Conversely, the strategies also revealed challenges associated with effectiveness and evaluation.
For example, although the strategies suggested a favorable shift in behavior, the sample size was
small and findings could have been influenced by many factors. We identified several factors

that likely influenced strategy effectiveness, including:

91 Location of signage and receptacles

Time of day

Length of time the signage and receptacles were available
Existing hunter habits

Sighage and receptacle design

Frequency of monitoring/emptying of receptacles

=A =4 =4 =8 =4
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Interviews and surveys conducted after implementation demonstrated that hunters liked the
general design of the receptacles, with more hunters using the votingstyle rather than single-
style receptacles. Feedback from hunters and reserve managers suggested the receptacles be
bigger and more noticeable, with larger holes for depositing more wads at once. It was also
important to consider how hunters moved through each particular hunting location and where
they were most likely to find and pick up wads. Hunters recommended receptacles be placed in
more convenient locations such as near the bathrooms, other garbage cans, and in parking lots
where hunters pack out. To correct misconceptions that fellow hunters do not pick up wads and
to establish a social norm that encourages wad retrieval, each receptacle was installed with some
wads already deposited inside. Nevertheless, one hunter suggested filling the receptacles
halfway with wad s to further influence hunter use. This would require more frequent monitoring
and counting or removal of wads in each receptacle to prevent overflow.

To increase awareness of the problem, signs educated hunters that wads are one of the four most
commonly found items on local outer coast beaches. Although awareness alone is usually not

enough to drive behavior change, duringafollow-up survey one hunter remar ki
outreach seems to be the best answer. | had never thought about it before taking theprevious

survey and although it is easy to forget to pick
hunters thought signage was a good idea and helped heighten awareness of the wad problem,

but many indicated that they could get overlooked if addit ional signs were posted in the same

area. Hunters also missed signage during early morning hours when hunting conditions may be

preferable, but lack of sunlight prevented the signs from being seen. This highlights the

importance of sign placement, effective messaging, and even printing on brightly colored paper

in order to increase visibility and effectiveness. Because it is extremely difficult for a hunter to

spot and retrieve their own wads, language encouraging a culture of cleanliness or duty to fellow

hunters can increase the likelihood of hunters picking up wads discarded by others. Lastly,

because it is easy for hunters to forget to pick up wads even if they are aware of the problem, it is

worth installing and monitoring additional signs and receptacl es to prompt them continuously

and make it easier for them to engage in the desired behavior.

Biodegradable Ammunition

By focusing on wad retrieval through direct hunter engagement we also performed preliminary
investigation into the second identified pat hway for reducing shotgun wad debris; transition to
biodegradable wads. Through surveys and interviews we were able to query hunter willingness
and interest in purchasing biodegradable wads, should they become readily available. This leant
insight into the barriers preventing biodegradable ammunition used by hunters, spread
awareness about the existence of biodegradable ammunition, and helped bolster the demand
needed in order to mass produce, and effectively price, biodegradable ammunition. Sections of
this report (Lessons Learned and Future Directions and Planning) dive further into the topic of
biodegradable ammunition and include suggestions for procurement of alternatives in retalil
stores, the role of policy and legislation, and bolstering manufacturing infrastructure.
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Recommendations for Strategy Improvement

The Recommendations section provides several suggestions for: 1) implementing phase two of
this pilot project, 2) scaling the selected strategies, and 3) options for hunting reserve managers
to implement on their own. All recommendations build off of knowledge gained through project
planning and implementation efforts as well as feedback from hunters and reserve managers.
Recommendations for phase wo include:

1 Promoting hunter engagement
1 Improving existing strategies
1 Enhancing data collection

Several recommendations for scaling up the selected strategies are also identified. These
include:

1 Increasing the size and number of receptacles

1 Determining opt imal placement

1 Regularly changing voting-style options

i Considering new designs and messaging

1 Testing combinations of different signage and receptacles

Additional recommendations are also developed for each reserve, with suggestions tailored to
Don Edwards and Eden Landing based on their varying check-in and check-out procedures, and
physical layout of each location. Recommendations to reserve managers are meant to be little to
no cost or additional effort, on the part of reserve staff, but will still prove effective at reducing
wad debris and encouraging shifts in hunter behavior. These include:

Regularly recording and cleaning wad receptacles and nearby garbage cans
Printing signage on neon paper

Using hunter listservs to disseminate information

Providing verbal reminders about retrieving wads

Printing receptacle locations on hunter maps

= =4 =4 =4 =4

This pilot project is an important first step for utilizing behavior change campaigns to address
the issue of marine debris. Efforts to understand the beliefs and values of the waterfowl hunting
community, and use those determinants to achieve a reduction in shotgun wad debris, proved to
be an effective first phase for this campaign. This report can serve as a roadmap for addressing
environmental issues through behavior change campaigns that design and implement strategies
based on the beliefs and values that influence the behavior of the target audience. Lessons
learned and recommendations stemming from this report can inform marine debris reduction
campaigns in other locations facing similar impacts from point -source debris items. This report
may also have broader applications for resolving other environmental issues through targeted
behavioral campaigns.

Vi
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Chapter 1:
Introduction

In recent years the issue of marine debris has gained significant worldwide attention with
increasing scientific research highlighting its pervasiveness and impacts to global marine
habitat, species, navigation, and ecosysém health (Gregory, 2009 and Rochman et al., 2016). In
response, governments, academia, and organizations have developed legislative, educational,
and management strategies to address these impacts and reduce the amount of debris entering
our coasts and o@ans. State and national measures such as plastic bag bans (S.B. 270, 2013)
and microbead bans (H.R. 1321, 2015) respectively, address debris types of particular concern.
In northern California, plastic shotgun wad debris from waterfowl hunting was recentl y
documented as one of the most commonly found items on several San Francisco Bay Area outer
coast beaches (Bimrose, Lindquist, and Roletto, 2018). Like many debris items, shotgun wad
debris is ubiquitous throughout the marine environment, yet the issue ha s received little to no
attention (Benton, 1995; Montevecchi, 1991; Kanstrup and Thorsten, 2018). With the number of
American waterfowl hunters reaching over two million people in 2016, the presence of shotgun
wad debris compounds the already destructive impacts to coastal habitat (e.g., physical damage,
shifts in chemical composition, decreased recreational value) and species (e.g., ingestion)
resulting from marine debris (USDOI, 2016). These impacts are of particular concern to Greater
Farallones National Marine Sanctuary, a federally protected area of 3,200 square miles off the
northern and central California coast.

From2012-2018, the sanctuary, in partnership with NOA
Greater Farallones Association (GFA), monitored and recorded all man-made marine debris

items at six coastal beaches along the sanctuary shoreline. The study compiled a first ever

baseline of debris types and abundance on sanctua
Marine Debris Monitoring and Assessment Project (MDMAP) database, found at

https://mdmap.orr.noaa.gov . The NOAA-managed database is a central resource for

documenting debris deposition, and holds marine debris information from over 400

particip ating survey sites. Findings from sanctuary MDMAP surveys indicate plastic shotgun

wad debris as one of the top 10 most commonly found items across all six surveyed beaches,

with factors such as storm events and ocean currents contributing to wad deposition (Bimrose et

al., 2018). Contrary to existing debris reduction efforts such as plastic bag and straw bans that

address non-point source debris items, shotgun wads can be traced back to a particular

demographic, in this case, waterfowl hunters.

As aresul, in 2019 the sanctuary, GFA, and behavioral science nonprofit Root Solutions, with

funding from NOAAOGs Marine Debris Program, devel o
wad debris on North-Central California coastal beaches. The project goal soughto reduce the

amount of plastic shotgun wad debris entering San Francisco Bay and depositing on beaches

through a behavior change campaign targeted at waterfowl hunters. The campaign identified the

motivations and values of waterfowl hunters through a dete rminants analysis survey initiated by

Root Solutions and analyzed how those factors influenced, or discouraged, hunter behavior

regarding shotgun wad debris. Information stemming from the determinants analysis survey

helped develop campaign strategies cenéred around increasing wad retrieval at two hunting


https://mdmap.orr.noaa.gov/login

Chapter 1: Introduction
I N N N S S S S O S .

reserves within San Francisco Bay: 1) Don Edwards San Francisco Bay National Wildlife Refuge
(Don Edwards), and 2) Eden Landing Ecological Reserve (Eden Landing). This report
summarizes phase one of thispilot project including methods, strategy design and
implementation, recommendations, and next steps.
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Chapter 2:
Methods

Effective campaigns, policies, and strategies that seek to motivate and sustain preenvironment
culture depend on successful behavior change adoption. This is difficult to accomplish if you do
not understand the values and perceptions of your target audience and how those factors drive,
or inhibit, the desired behavior. Although many believe that the biggest barrier to behavior
change is usually lack of awareness, this is often not the case (Lakoff, 2010). Generally, just
because a person knows or wants tgerform a behavior does not mean they will actually enact
it: think about people who fail to exercise or eat healthy. Personal, social, and circumstantial
factors determine behavior, which can form physical or mental barriers that, often unknowingly,
prevent people from engaging in certain desired behaviors. All too often, many working on
environment al i ssues use their own speculation to
basis for campaigns, but this approach does not address the factors that truly influence behavior
and perpetuate the issue.

A systematic way of determining barriers and benefits to behavior change is necessary for
uncovering the root of the problem and developing lasting solutions. Campaigns are more
successful when they include ®lutions that are co-created with the target audience whose
behavior you are trying to change. To achieve this, we used a humarcentered design approach
with three phases, where each phase was interconnected and informed by the other two,
resulting in a cyclical process. Together, these phases determined the project goal, target
audience, desired behavior, and resulting suitable strategies for reducing the abundance of
shotgun wad debris entering San Francisco Bay and depositing on outer coast beaches. Re#is
from each of the three phases are described below.

Human -Centered Design Approach Phases:

1. Initiation Phase: Research the issue, learn from past initiatives, define the goal, and
identify the target audience.

2. ldeation Phase: Brainstorm and evaluate potential desired outcome-producing
behaviors that will help achieve the goal. Develop a determinants analysis suwvey to
identify barriers to, and motivators of, the desired behavior.

3. Design Phase : Survey results inform strategy design, prototyping, and refinement in
order to reduce barriers and amplify motivators needed to achieve lasting behavior
change.

Strategiesresulting from this process were implemented at two hunting reserves along San
Francisco Bay, Don Edwards in Alviso, and Eden Landing in Union City (Figure 1). Strategies
included signage and receptacles for collecting discarded shotgun wads. Collected wds were

sent to TerraCycle, a nation-wide recycling social enterprise, to be upcycled and reused in

future products. To evaluate strategy effectiveness, we compared hunter survey responses before
and after strategy implementation, conducted in -person interviews, and solicited feedback from
reserve managers. Evaluation results are described in Sections 6 and 7, alongside additional
resources in Sections 810. Beginning in December 2019, we also conductednonthly MDMAP
surveys at four sanctuary beach locations to observe depositional shifts in shotgun wad debris


https://www.terracycle.com/en-US/
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resulting from strategies implementation through this project. Due to COVID -19 shelter-in-
place requirements, MDMAP surveys were suspended on March17, 2020.

N

Greater Farallones
National Marine Sanctuary

San Oakland
Francisco

San Eden Landing

g;aynmsco Ecological Reserve
°

Don Edwards San Francisco
Bay National Wildlife Refuge
=)

Monterey Bay

National Marine Sanctuary i

R //

Figure 1: Location of Eden Landing Ecological Reserve in Alviso and Don Edwards San Francisco Bay National
Wildlife Refuge in Union City, bordering San Francisco Bay. Credit: Sage Tezak/NOAA
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Chapter 3:
Initiation Phase

Information resulting from the initiation phase provided a clear understanding of the nature of
the problem, the stakeholders involved, and the target audience. The initiation phase involved
four interconnected steps: a) research the issue b) learn from past initiatives; c) define the goal;
and d) determine target audience. Knowledge gained here provided important guidance on the
components of the problem, and associated audience groups, to prioritize in this behavior
change campaign.

3.a. Research the Issue

Shotgun ammunition is composed of roughly five parts: the shell, shot pellets, wad, powder, and
metal head with primer (Figure 2). Each wad sits inside the shell and separates the shot pellets
from the gunpowder. Historically, wads were made of wool, felt, hair, cardboard, cork, or fiber.
However, they did not protect the gun barrel from the steel shot, which made for inconsistencies
in performance, and posed a fire danger as wads often smoldered after exiting the barrel of the
gun. This, alongside affordability, quickly made plastic wads the preferred and ultimately
ubiquitous alternative to natural wads. Other forms of ammunition such as biodegradable wads
are used abroad, with several producers of nonplastic wads including Empire, Eley Hawk,
Maxam (parent company of RIO) and Gamebore, serving European countries. Biodegradable
ammunition, although available, is rarely used and difficult to access in the United States due to
several factors including, but not limited to, high cost, varia bility in degradation rates,
distribution challenges, and performance uncertainties (Biodegradable Shotgun Wads, 2020).
Additional information regarding these factors, and suggestions for addressing them, is detailed
in Section 10.

Figure 2: Photo of shotgun ammunition with plastic shotgun wad and pellets (left) and shotgun shell and powder
(right). Source: Shelled Out by gfpeck, available under a Creative Commons Attribution-NoDerivs 2.0 Generic
License at https://www.flickr.com/photos/wespeck/4434356844. For more information see
https://creativecommons.org/licenses/by-nd/2.0/.
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When a shotgun is fired, the shell, or hull, exits the ejection chamber of the gun and drops in
close proximity to the hunter, while the wad exits the barrel of the gun traveling at least 20 yards
in front of the shooter (What You Should Know, 2018). This, along with their clear plastic
coloring, make wads very difficult to retrieve while hunting waterfowl as they often land in
waterways or densely vegetated sloughs and marshes. Once marine debris, wads are mistaken as
squid by seabirds, used as materials forb i r restsdand even found in the stomachs of deep
diving cetaceans (Montevecchi, 1991 and Lusher et al., 2015). Wads, like all plastic debris, can
also physically damage coastal habitats through abrasion or shearing, and their toxicity may be
linked to changes in chemical composition of beach sediments and benthic habitat (NOAA,
2016). Over time, these items break down into microplastics, which can be ingested by smaller
marine life such as fish, invertebrates, and microorganisms (NOAA, 2014). With millions of
Americans hunting waterfowl each year on shoreline marshes, sloughs, and along tributary and
riverine systems, the need to reduce shotgun wad debris from entering our waterways is ever
increasing.

3.b. Learn from Past Initiatives

In addition to knowledge gained through researching the issue, learning from past examples of
both successful and unsuccessful environmental campaigns can save time, effort, and resources.
To gain information on previous shotgun wad debris initiatives we consulted with a series of
academic, non-profit, and private organizations.

The Surfrider Foundation San Francisco chapter has taken up the issue of shotgun wad debris

through discussions with stakeholders, public presentations, and wad tracking as part of their

Wad Watch Program, available athttps://sf.surfrider.org/shotgun -wad-watcher/. Since March

2019, data collected through this program has identified the date and beach location of

thousands of wads across 12 different countries. An analysis by Wiversity of California at

Berkeley students in partnership with Surfrider added further information about the challenges

associated with the production and accessibility of biodegradable ammunition (Kearney and

Wood, 2019). The analysis provided a high-level summary of hunter barriers to purchasing and

using biodegradable shotgun wads, and identified cost, performance, and availability as the

areas of highest concern for | ocal hunter s. From
would be received nayatively by the shotgun community. Thus, organizations invested in

reducing pollution from shotgun wads should focus on educational efforts within the hunting

and target shooting communities to raise awareness of biodegradable alternatives and

encouragethe adoption of biodegradabl e wads for conser\v

The project team also consulted with Jason McDevitt, director of the Technology Transfer Office

at William and Maryos Virginia Institute of Marin
ammunition company GreenOps Ammo. Jason detailed some of the manufacturing challenges

associated with developing and scaling biodegradable ammunition. For example, manufacturers

that produce plastic ammunition will need to develop new injection molds to accommodate

biomaterials, each of which cost up to $250,000. Because bio-wads are made and tested using

various water soluble and degrading materials, the number of wads and the speed of production

per mold can vary. Capital needed to produce biodegradable wad material is also expensive.

Wads made of biopolymer material produced by GreenOps Ammo are significantly more


https://sf.surfrider.org/shotgun-wad-watcher/
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expensive than conventional polyethylene plastic wads, and can easily add % or more per
shotshell. In order to reduce or regain these upfront costs, manufacturers must have capital to
transfer equipment and ramp up production, combined with demand from the consumer which
has yet to be seen in the United States.

3.c. Define the Goal

Background research and consultation with experts provided a strong foundation for evaluating
wad reduction strategies with the highest leverage and likelihood of success. As a result we
identified two main pathways for addressing the problem of shotgun wad debris in waterways:
1) reduce plastic wad prevalence through wad retrieval by hunters, and 2) transition to
biodegradable wads

As mentioned, hunter barriers associated with biodegradable ammunition include concerns over
their cost, performance, and availability. Behavioral campaign strategies can be used to
overcome cost concerns, but ultimately these are best achieved on thegpply and manufacturing
side through economies of scale. Overcoming performance concerns can also be enacted
through behavior -changing strategies, such as demonstration events for hunters to test fire and
compare different traditional and biodegradable amm unition. While some availability issues are
on the supply side, strategies that encourage retailers to purchase and promote biodegradable
ammunition, can be addressed through behavioral awareness and outreach. Although many of
these strategies require funding and time beyond the scope of this pilot project, they are
highlighted in Sections 8 and 10. In consideration of the limited resources available for this
project, wad retrieval was selected as the priority pathway with the highest probability of
achieving effective behavior change in order to reduce the abundance of shotgun wad debris
entering waterways.

3.d. Determine the Target Audience

Identifying the appropriate target audience (e.g., people, organizations, policy institutions
associated with the issue) helps achieve maximum effectiveness. When researching the issue,
three potential target audiences were identified: 1) ammunition manufacturers and
policymakers, 2) hunting range/reserve managers, and 3) hunters or shooters.

Ammunition Manufacturers and Policymakers

Shotgun ammunition manufacturers influence the issue because they produce and distribute the

plastic shotgun wads that enter waterways and impact marine ecosystems. In the U.S., very few

major ammunition manufacturers currently produce and stock biodegradable shotgun
ammunition in stores. RIObds Royal Eco Bl ue Steel
Texas factory, are not available in stores and must be ordered and shipped directly to

consumers. Others like GreenOps Ammo, are searcing for opportunities to work directly with

private manufacturers or partner with larger ammunition companies to produce and stock their

product.

Policymakers influence this issue on several levels, such as the 2016 California Safety for All Act
(S.B. 123, 2016) that regulates the sale and transfer of ammunition, including eligibility checks
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for possessing ammunition and required vendor licenses for selling ammunition. Phase two of
California Prop 63 took effect in July 2019, making it illegal to buy shot gun ammunition online
and to use anywaterfowl hunting ammunition containing lead. California state law requires
ammunition to be purchased face-to-face from a Federal Firearm Licensed Dealer or licensed
ammunition vendor following an eligibility check. Al though not impacting the use of plastic

shotgun wads, the |l aw |Iimits purchasing to | ocal
purchase biodegradable alternatives online, or purchase them out of state and bring them back
to California.

Ultimately, we did not select California policymakers and ammunition manufacturers as the
target audience for this pilot project. However, in order to better understand the broader issues
related to availability of biodegradable ammunition, we developed a secondary component of
this project through a graduate -level course at the Middlebury Institute of International Studies
(MIIS). Students in the Behavior Design for Sustainability class examined barriers associated
with procurement of biodegradable wads at retail stores and developed potential strategiesto

address these obstacles. The studentsdé findings al
suggestions for addressing issues related to manufacturing and policy, are further discussed in
Section 10.

Hunting Reserve Managers

Federal and state-run hunting reserves are managed through several agencies includingthe
National Park Service, California Department of Fish & Wildlife, U.S. Fish and Wildlife Service,
Bureau of Land Management, and Bureau of Land Reclaration. These entities are unable to
stock or sell ammunition or promote ammunition name brands, and thus, have limited control
over the ammunition used on their land. Similarly, reserve managers and enforcement staff have
limited ability to monitor hunter retrieval of shotgun wads, nor the time available to look for and
retrieve wads themselves. However, managers do have the authority to implement measures
that influence the abundance of wads entering the marine environment, such as signage and
disposal equipment.

Although we did not choose the managers themselves as the target audience, they were an

i mportant and fAunofficial o audience that provided
managers from Don Edwards and Eden Landing supported shotgun wad debris reduction and

partnered with us to implement strategies on their hunting grounds. As a result of this project,

both managers kept and will continue to implement strategies developed through this campaign.

As gatekeepers of their institutions, reserve managers provided insight into hunter behavior on

their grounds and expressed a unigue perspective on the beliefs and values that drive the

broader hunting community. Ongoing consultation regarding the development and

implementation of strategies also provided insight about the challenges managers face with

respect to the issue of wad debris within their jurisdiction.

Hunters or Shooters

Given the above information about policymakers, manufacturers, and reserve managers, we
determined that either waterfowl hunters or recreational shooters (or both) would be the most
appropriate target audience for this project. Recreational shooters include those who visit
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indoor or outdoor shooting range facilities and skeet or clay target ranges. These facilities are
permitted to sell their own ammunition, although it must be fired at the facility and cannot leave
the premises. Additionally, ammunition used for clay targets differ from waterfowl ammunition,
and shooters who visit other range facilities use firearms, and corresponding ammunition, other
than shotguns. It appears that overall, shooting ranges do not have a large impact on the local
shotgun wad debris problem, as most facilities are indoor or inland from water bodies and
tributaries. We identified only one publ ic shooting range, the Richmond Rod and Gun Club,
adjacent to the San Francisco Bay shoreline. On the other hand, many waterfowl hunting
reserves are directly adjacent to the bay or along rivers and tributaries that empty into the bay,
and subsequently the outer coast. Based on these facts, we identified the primary audience for
this project to be waterfowl hunters.

Thanks to research gained through each step of the initiation phase, we identified the preferred
outcome (reduced shotgun wad debris), desiredbehavior (wad retrieval), and target audience
(waterfowl hunters) for this project. The resulting goal for this project was to reduce the amount
of plastic shotgun wad debris entering San Francisco Bay waters and depositing on coastal
beaches through theimplementation of behavior changing strategies for hunters at two Bay
Area hunting reserves, Don Edwards and Eden Landing. By focusing on wad retrieval through
direct hunter engagement we also performed a preliminary investigation into the second
identifie d pathway for reducing shotgun wad debris; a transition to biodegradable wads.
Throughout this campaign hunters were queried on their willingness and interest in purchasing
biodegradable wads, should they become readily available. This leant additional insght into the
barriers preventing biodegradable ammunition use, spread awareness about the existence of
biodegradable ammunition, and helped bolster the demand needed in order to mass produce
and effectively price biodegradable ammunition.
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Chapter 4:
Ideation Phase

The ideation phase identified and evaluated different distinct outcome -producing behaviors and

uncovered the determinants (i.e., motivators and barriers) of those behaviors through a

determinants analysis survey. Anoutcome-pr oduci ng behasiaredsbéehaviiend
(McKenzie-Mohr, 2011), or behavior that comes last in a sequence of behaviors, that must be

completed by the target audience in order to achieve the desired outcomed the reduction of

shotgun wad debris. Outcome-producing behaviors are selected based on their ability to create

lasting impact, likelihood of success, and opportunity for evaluation. From this phase, we

identified retrieval of shotgun wad debris as the desired outcome-producing behavior and

analyzed the primary barriers and motivators that influence this behavior in hunters.

4.a. Identify and Evaluate Outcome-Producing Behaviors

We identified three outcome -producing behaviors associated with a reduction in shotgun wad
debris:

1. Hunters pick up their own wads during or after their hunting sessions
2. Hunters pick up any wads (theirs or others) during or after their hunting sessions
3. Hunters use biodegradable wads

To prioritize and select a final preferred outcome -producing behavior, we evaluated each of the
three behaviors using this set of criteria: impact potential of behavior change, likelihood of
success (probability of adoption and organizational effort required), and ability to evaluate
(observe and measure) the target behavior.

Impact Potential

It was difficult to compare the beneficial impact to the environment generated by hunters
picking up their own shotgun wads or othersé shot
biodegradable wads. Ultimately, picking up all wads before they ener the marine environment
would be more beneficial to the ecosystem than allowing biodegradable wads to enter water
bodies and impact marine resources prior to degradation. Variation in the properties and

additives used in making biodegradable ammunition also create variation in the time needed to
degrade these items, especially when exposed to different temperatures and landscapes. There is
considerable debate as to the extent that biodegradable products actually do biodegrade (i.e. the
original polymer i s completely removed through microbial action) as well as uncertainty
surrounding impacts to the environment concerning the leaching of chemicals and toxins as

these products breakdown (UNEP, 2015). Further detail regarding this variation in

biodegradable ammunition is described in Section 10.

Likelihood of Success

While picking up wads can be challenging, the lack of commercially available biodegradable
wads and the current California law that prohibits online ammunition purchasing, made the use
of biodegradable wads (outcome-producing behavior option 3) even more difficult to adopt. As
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discussed earlier, the effort required to change current policies and adopt manufacturing

processes that encourage biodegradable wads surpasses that of the more individuafocused

effort to encourage hunter retrieval of their, or
yards from the shooter, often over dense or watery terrain, the likelihood of finding one's own

wad (outcome-producing behavior option 1) has a much lower likelihood of success than

spotting spent wads that have washed ashore (outcomeproducing behavior option 2).

Ability to Evaluate

Tracking the purchase of biodegradable shotgun wads is likely easier to monitor than tracking
wad retrieval by hunters. Thus, if biodegradable wads had been readily available, option 3may
have been the chosen behavior, or part of multiple behaviors, to target for this project. However,
we did identify several ways to evaluate hunter retrieval such as selfreported informatio n (e.g.,
asking hunters if/when/how many wads they picked up), and monitoring the number of wads
collected or removed through various implemented strategies.

After comparing the three potential outcome -producing behaviors, we selected option 2:
Hunters pick up any wads (theirs or others) during or after hunting sessions, as the preferred
behavior to best achieve the desired outcome.

4.b. Identify Determinants of Behavior

Research and consultation identified various components of the shotgun wad debris issue. We
developed the overall project goal, which encompassed the project location (Don Edwards and
Eden Landing hunting reserves), the audience (waterfowl hunters), and the desired behavior
(picking up any wads), based on this information. The next task was to identify the determinants
of behavior, which are factors that influence, or hinder, the behavioral choices or actions of
waterfowl hunters.

Understanding the personal, social, and situational barriers that prevent waterfowl hunters

from adopting the d esired behavior informed the type and design of strategies implemented

through this project. Taking the time to | earn ab.
perceived motivators uncovers the influences that drive hesitation and opposition, as well as

enthusiasm and support, towards the desired behavior. The focus can then shift toward

designing strategies that are most likely to overcome the identified barriers and strategically

communicate the benefits of the desired behavior change. A strategy thatdoes not meet the

needs of, or resonate with, the target audience is likely to fail.

The best way to identify factors that have the biggest impact on target audience behavior is

through a determinants analysis, wherein Doers and Non-Doers of the desired behavior are

identified through interviews, surveys, and observation. Examples of these factors, or

determinants, include social acceptability and norms (i.e., whether the behavior is accepted by

oneds soci al net wor k), p e ifthaethewehdviorandl helpsaive thd f | cacy
problem), perceived severity (i.e., whether the person thinks the problem is important or

serious), and perceived selfefficacy (i.e., whether the person thinks they have the ability to

perform the behavior).

11
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4.c. Determinants Analysis

Our determinants analysis process included developing, disseminating, and analyzing a
waterfowl hunter survey administered by Root Solutions to uncover motivations of behavior
through a series of curated questions. Root Solutions first disseminated a pilot determinants
analysis survey to each reserve manager, and both online and in oneon-one interviews to a
group of hunters in our target audience and each of the reserves managers in order to gain an
initial understanding of behavioral d rivers. The pilot survey gathered important feedback on
guestion content, topic, length, and ordering. Root Solutions then created and disseminated a
final version of the determinants analysis survey to Bay Area residents with hunting interests
through onl ine forums including Reddit.com Waterfowl and Bay Area groups, Rokslide Game
Birds forum, and Hunting.net forum. The survey was also advertised through video and still
image ads on Facebook and Instagram. Although unable to determine how many people actually
qualified to take the survey, these online videos and still image ads reached a totd of 7,069
people. Surveys were also administered in-person at Eden Landing and Don Edwards (see
Appendix B). In total 76 surveys were completed; 45 were completed through in -person surveys
(22 at Don Edwards, 23 at Eden Landing), and 31were completed through online surveys. Of
the surveys administered in-person, all hunters were approachedduring each survey day. In
total only two hunters who were approached did not take the survey.

It is important to note that a few survey -takers did not answer all of the questions due to factors
such as limited time, low interest, or sensitivity to the topic. This is reflected in results below
where total responses were less than 76. In order to encourage as much participation as
possible, when administering surveys in-person we gave hunters the flexibility to answer a
selected number of the most important questions, which we indicated on the survey with an
asterisk. These included questions that qualified the survey-taker (do you hunt waterfowl?),
determined if they were a Doer or Non Doer (do you pick up shotgun wads?) and openedended
guestions that asked the barriers to, or benefits of, picking up shotgun wads. Understanding
concern for hunterso time and sensitivity around
Landing requested that we disseminate a truncated survey, which consisted of those same
asterisked questions (see Appendix B). When determining the fewest, most critical questions to
include on a determinants analysis, survey administrators should always include two open-
ended questions that ask about the benefits and barriers of performing the desired behavior.
Written answers directly from the target audience can provide detailed insight into their beliefs,
motivations, and inhibitions.

For this project, qu estions in the determinants analysis survey sought to understand factors

such as perceived seHefficacy, perceived social acceptability and norms, perceived severity, and

perceived action efficacy, all of which impact hunter behavior. To determine perceived social
acceptability and norms, we asked hunters fAHow | i |
spending a few minutes picking up shotgun wads?20
or extremely likely to approve indicated that they perceive the action of picking up shotgun wads

as socially acceptable. We also asked hunters fWh,
think pick up at | east one shotgun wad during or |
reflected whether people thought picking up wads was the social norm amongst hunters. In
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order to determine perceived severity (i.e., perception that the problem is important), we asked
hunters about their awareness of the problem and their level of concern.

In addition to determining influences on hunter behavior, responses to survey questions also
placed hunters in either the Doer or Non-Doer category. Doers were hunters who picked up
wads on one or more days they hunted during a typical season. NonDoers were hunters who
have not picked up wads m any day they hunted during a typical hunting season. To identify the
Doers and Non-Doers, we asked hunters how frequently they picked up shotgun wads during a
typical hunting season. Of the 76 total respondents, 43 were Doers (57%) and 33 were Non
Doers (43%).

Summary of Survey Results

Analysis of the survey results showed a high willingness to pick up wads (95% of hunters,

including 88% of Non -Doers); strong beliefs in peer approval for picking up wads (85%); and

many hunters perceive apositive impact from picking up wads (71%) (Figure 3). This indicated

that the hunting community largely supports the target behavior, the act of retrieving wads. One

hunter remar ked, nlf everyone did thei rteraart |, it '
pollution was also a high motivator amongst hunters (Figure 4). Not only did hunters report

pollution reduction as the main benefit to picking up wads, it was also the top reason given for

picking up shells (Figure 5). Out of 69 hunters, 80% were not aware that plastic shotgun wads

are one of the most commonly found plastic items on Bay Area outer coast beaches, and 41 out

of 51 (80%) expressed concern over the issue of wad debris. Most Doers (67%) reported no

downsides to picking up wads, whereas69% of Non-Doer s reported downsi des,
accesso(e. g. accessibility to(wd®d&9 iamdr dwvglhlited i a
as the top barriers to wad retrieval. 95% of Non-Doers also held the misconception that most

other hunter s do not pick up their wads, while in reality 57% reported otherwise. Additionally,

Non-Doers (42%) were two times more likely than Doers (21%) to task manufacturers,

distributors, and retailers with the responsibility of solving the plastic shotgun wad de bris

problem. Although we did not address this issue through strategy implementation, further

investigation into manufacturer, distributor, and retailer responsibility is discussed in Section

10. Additional results from the determinants analysis survey pro vided further insight into the

motivators and barriers associated with Doer and Non-Doer hunter behaviors (see Appendix C).

13



Chapter 4: Ideation Phase

ElNone

4 (6%)

3
&
oS

o

2

I
5

i
B

i

!

¥
i

o

£
&5
S

S

o

o

e

Little

A

B Some

M A lot

Mot Sure

30 (45%)

\"

t

posi

fiHow much

Response:

ysis Survey

Anal

Figure3:Det er mi nant s

demonstrate

chart

Pi e

0
fi a Qredlit: Root(Sdliand %)

waters?

our

n
25.

have o

fisomeo

Wi

picking up shotgunwa d s

wads

\Y

posit

of

or

8 %)

(

have

Wi

58.3%

=1
=]
=
=
=]
[=¥
—
.
]
E
v
7]
]
—

Good for the environment

Personal responsibility

Benefits to hunting

Good for wildlife

Social good

Feels good

Public image

Health

70%

60%

50%

40%

30%

20%

10%

0%

Figure 4: Determinants Analysis Survey Response: Benefits of spending a few minutes picking up shotgun wads

dur i

litter/ poll uti

after hunting. 58.3% reported Al ess

or

ng

0

tChedit: Root $dlutioasn me n t

for

fgood

upwadswa s

14



Chapter 4: Ideation Phase
[ I 22 2 2 2 222 2 2020 I [ .
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Its casy | 5.5
I am concerned they are toxic ||| N AN 27.5%
I am concerned wildlife or marine I 2 5
life might mistake them for food e
It is the law [N 15.0%

I don’t pick up my or anyone else’s shells [ 7.5%
Other [ 7.5%

Signs remind me to - 5.0%

0% 10% 20% 30% 40% 50% 60% 0% 80% 90% 100%

Figure 5: Determinants Analysis Response: Main motivations for picking up shotgun shells (not wads). 92.5% hunters
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Chapter 5:
Behavior Change Strategies

Information gathered from the initiation and ideation phases culminated in the determinants
analysis survey and identified a number of factors that contribute to Doer behavior, including:
social acceptability, concern for litter and pollution, and unfamiliarity with wads as a common
debris item found on local outer coast beaches. Of equal importance were barriers to the desired
behavior reported in Non-Doer survey responses such as visibility and ease of access. Keeping
these factors in mind we designed strategies to increase the desired behavior in Doers and
establish the desired behavior in Non-Doers.

5.a. Strategy Design

Once we identified the barriers and motivators for the desired behavior, we developed a suite of
strategies to overcome those barriers and/or amplify the motivators, including:

1 Signage

1 Wad receptacles

1 Presentations and messaging at hunter orientation meetings and in online
communications

Commitment or pledge campaigns

Hunter cleanup days and competition events at hunting reserves

Messaging on printed maps and permits

Retrieval tools to make it easier for hunters to pick up wads

Recruiting hunters who are passionate about picking up wads and influential in the
hunting community as ambassadors for the desired behavior

=A =4 =4 -4 A

We discussed and reviewed all suggested strategies with reserve managers at Don Edwards and
Eden Landing to confirm which options were preferred at each site. Due to timing restrictions
(i.e., waterfowl hunting season is roughly four months from October through January), budget
and feasibility, and availability of the reserve managers, implementation efforts focused on the
following two strategies: signage and receptacles. Additional information on strategies not
implemented by this project are detailed in Section 8.

Sighage

Survey results revealed motivators, barriers, and hunter values, which we incorporated into

effective messaging that would shift hunter behavior toward picking up wads. Non -Doers

mistakenly assumed that most hunters do not pick up their wads, which we corrected by

utilizing normative language highlighting how other hunters do pick up wads, suchas @A Hunt er s

|l eave no traceo and AThe majority of hunters pick
Appendix D). These messages created a social norm, or accepted behavior, which can be a

motivating factor of behavior change because it provides a standad by which people compare

their own behavior. This makes decision-making quicker and easier while tapping into their

desire to fit in with those around them (Schultz et al, 2007).
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Non-Doers reported low visibility and inaccessibility as barriers to pickin g up wads. We
developed signage to acknowledge the difficulty of finding wads and shifted focus from finding

their own wads to pickingup anywads. We exempl i fied this in signat
wad? Pick it up! o (Fi gurasimagery af amagrifjing glasg(igurei sual s
9).

Addressing hunters' high concern for litter and pollution, we developed messages such as the

il eave no traced slogan (Figure 8). Survey resul t
wad problem, although it is important to remember that awareness alone is usually not enough

to drive behavior change. Nevertheless, hunters indicated support for raising awareness so we

devel oped messaging and visuals stating imnstd you |

common plastic items found across outer coast bea
signage and the motivations and values associated with each message is further described in
Appendix D.

Wad Receptacles

Survey results indicated that hunters have a sense of responsibility and desire to keep hunting

areas clean. Transparent wad receptacles tapped into these values and served as a vivid

reminder to pick up any wads in order to keep hunting grounds free of litter (Figures 8 and 10).

Studies have faund that people are more likely to litter when their environment is visibly

scattered with garbaged depicting a pro-littering social norm & compared to when their

surroundings are clean and well-maintained (Cialdini, Reno, and Kallgren, 1990). Visually

seeing the wads inside the receptacles showed hunters how their efforts make a difference in

reducing the occurrence of plastic wads entering nearby waters. This connects action to impact

and provided immediate gratification for hunters who deposited wads in the receptacles. This

also helped correctthe NonrDoer s® mi st aken assumption that other
wads, and created a social norm that promotes wad retrieval. The project team also felt that

hunters would be more motivated to use thereceptad es i f t hey were f @on. Usag
a combination of a disposal bin with a public opinion poll, to encourage proper disposal of

cigarette butts in the UK has been shown to reduce cigarette litter by up to 46% (Reducing

Cigarette Butt Litter, 2018 ). We developed receptacles that engaged hunters by allowing them to

Avotedo with their shotgun wads on something they
allowed hunters to participate in an activity amongst their peers and motivated them to enga ge

in the target behavior of picking up wads while associating that behavior with a fun activity (i.e.,

voting) (Figure 10).

Signage and Receptacle Placement

Placing receptacles in locations where hunters frequent such as checkin stations, prompted
hunters to enact the desired behavior at the appropriate location and made it easier for them to
dispose of wads when they found them. Since hunters at Don Edwards and Eden Landing must
sign in when they arrive, signs displayed at the checkin stations served as a cue for action to
prompt hunters at the appropriate time and space. Seeing signs at the point of decision
reminded hunters to look for wads when they were in the field and helped them build the new
habit of picking up wads as they were spotted.
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5.b. Prototype and Installation

After identifying receptacle and signage locations, the next step in the process involved
prototyping. To do this, we sketched various receptacle designs and developed sighage
messaging and layout options (See Appendix D). Prototypes served as a litmus test to assess
hunter and reserve manager response to each design, and identified necessary changes to make
both quickly and affordably, before constructing the final products. Coordination with reserve
managers provided a clear undestanding of where the receptacles and signs would be placed,
how they would be installed, desired sizes and quantities, messaging and layout approval, and
receptacle maintenance requests. With these parameters in mind, preferred designs were
selected andthe final signs and receptacles were developed.

Final Strategies

Receptacles and signs were installed at each hunter checlin station, including one receptacle
and two signs at Eden Landing (Figure 6) and three receptacles and six signs at Don Edwards
(Figure 7) for a total of four receptacles and eight signs. At Eden Landing, we provided a
moveable floor standing ballot box-style receptacle near the checkin kiosk and left laminated
signs for the reserve manager to post on the kiosk at his discretion (Figue 8). At Don Edwards
Pond A5/A8, we nailed a sign inside the checkin station and installed a voting -style receptacle
on the outside of the kiosk, facing the water (Figure 10). At Pond AB1/AB2, we nailed a sign
inside the check-in station kiosk and instal led a voting-style receptacle on the outside of the
station kiosk facing the road (Figure 11). At Pond A3W, we nailed a sign to the bulletin board
outside the check-in station and installed a non -voting receptacle inside the station kiosk
(Figure 12).

All receptacles and signs at Don Edwards and Eden Landing were installed from January 67,
2020. We fastened receptacles inside checkin stations where available room existed so as not to
interfere with huntersd si gni ndlediother maeptacleslon i ng out
the outside of kiosks, positioned in a direction so as to intercept the most hunters. To set a horm
for hunters, we placed 10 shotgun wads into each receptacle compartment during installation to
set an example of how the receptacks should be used (Figure 10). The wads also provided a vivid
reminder to hunters to pick up wads as they saw them. The reserve manager at Eden Landing
oversaw placement of the standup ballot-style wad receptacle and posting of signs during each
hunt day. Signs and receptacles at Don Edwards were fixed to the walls at the chechn stations
and required no management. We did not empty any of the receptacles prior to the end of the
hunting season.
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Figure 6: Strategy Implementation at Eden Landing. Map of Eden Landing with red star indicating location of sign and
receptacle installation at check-in kiosk. Credit: Sage Tezak/NOAA and Esri ArcGIS Pro 2.7, Maxar. Greater
Farallones National Marine Sanctuary. June 24, 2020.
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Figure 7: Strategy Implementation at Don Edwards. Map of Don Edwards ind
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1) Pond A5/A8, 2) Pond AB1/AB2, 3) Pond A3W. Source: U.S. Fish & Wildlife Service. Overview Map of Hunt

Program at Don Edwards San Francisco Bay National Wildlife Refuge

Figure 8: Signs and Receptacles at Eden Landing. Photo of floor-standing ballot box receptacle with signs at check-in
kiosk (left); signage to create awareness of plastic shotgun wads problem and encourage litter-free grounds (middle);

signage to encourage retrieval of any wads (right). Credit: Christine Tsai/Roo
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